Abstract: Food plant preferences of some Lepidoptera species associated with particular colour of the flowers were investigated. Based on 1,329 field observations of 43 Lepidoptera and 66 plant species, Lepidoptera showed a high tendency (G-test, G adj = 698.6, df = 6, P < 0.001) to use the yellow (29%) and pink (28%) coloured flowers for foraging. Compared to the other colours it was evident that plants with red flowers (2%) were not preferred. Moreover, the plants with red (H = 0.435) and yellow-white (H = 0.543) flowers were not visited by diverse Lepidoptera species. Although yellow and pink flowers were most frequently visited, the highest degrees of the Lepidoptera diversity values were associated with the plants having blue (H = 0.647) and purple (H = 0.634) flowers. Species of Nymphalidae were most numerous (14 spp.) in the study area and the members of this family were observed 430 times on 39 different plant species, but never on plants with red flowers. Pieris rapae was the most abundant species that occurred 136 times on a total of 21 different plant species of which eight had yellow flowers. But, this species has never been seen while feeding on red flowers.
Introduction
The co-evolution of flowering plants and their animal pollinators has been one of the most inspiring phenomena for scientists to document many detailed properties of this subject in a diverse range of biology disciplines. Pollinators involve many flying animals, but insects, particularly bees and butterflies have received most attention, since they have traditionally been considered as the significant selective force to play role in floral evolution (Kudoh & Whigham 1998; Galen 1999; Goulson 1999) . Plants have evolved a number of properties to attract their potential pollinators (David & Gardiner 1961; Gardener & Gilman 2002; Arroyo et al. 2007) . But, the odour and colour of the flowers (Odell et al. 1999; Balkenius & Kelber 2004; Theis 2006; Osorio & Vorobyev 2008) have accommodated pollinators to a much greater extent, even though this attraction has sometimes had an array of costs (Galen 1999; Collin et al. 2002) .
Remarkable studies have been performed on the colour vision of animals to reveal aspects of this behaviour (Arikawa & Stavenga 1997; Briscoe & Chittka 2001; Qiu & Arikawa 2003; Briscoe & Bernard 2005; Warrant & Nilsson 2006) . Many vertebrates, deep-sea crustaceans and cephalopods have monochromatic vision, i.e., they are colour blind (Warrant & Nilsson 2006) . It has been demonstrated that some nocturnal hawkmoths have colour sensitive eyes to detect flowers even at dim starlight intensity when bees and humans are totally colour blind (Kelber et al. 2002) . The pioneer study on colour vision of insects dates back as far as to the late 1800s and was performed by Lubbock on Daphnia and in 1914, Karl von Frisch proved that bees have true colour vision (Warrant & Nilsson 2006) . According to a number of studies it is clear that spectral sensitivity and its functions in a particular species may differ for different visual tasks.
Insect pollinators exhibit flower colour preference (Lunau & Wacht 1994; Weiss 1997; Sutherland et al. 1999; Briscoe & Chittka 2001) which varies among the individuals and among the species studied. The colour preference associations between insects and plants may be due to several influences. For example, certain colours are avoided (Vaidya 1969; Kelber 1999 ) and some colours may be rewarding for nectar (Niesenbaum et al. 1999; Ida & Kudo 2003) . Consequently, a particular species may show some floral constancy associated with a variety of plant characters (Goulson & Wright 1998; Goulson 1999) , including flower colour (Kinoshita & Arikawa 2000; Kelber et al. 2002; Balkenius & Kelber 2004) .
Butterflies are important pollinators of a wide range of plant species since they frequently visit numerous flowers during their lifetime activities such as foraging, mating, and oviposition. Hence, they respond to several properties of plants such as scent, reflectance, size, outline and surface texture. But, the flower colour has been one of the most profound impacts. A significant number of recent experimental studies confirmed (Kelber & Henique 1999; Kelber et al. 2002; Qiu & Arikawa 2003; Wakakuwa et al. 2004; Warrant & Nilsson 2006) that most butterflies have a unique eye structure (Warrant & Nilsson 2006 ) and a highly developed colour vision (Bernard & Remington 1991; Arikawa & Stavenga 1997; Awata et al. 2009 ), therefore it seems that they are able to discriminate true colours. These studies prove that the pigments which are present in a flower are key components of behaviour patterns of certain Lepidoptera species. Accordingly, a particular flower colour of a plant seems to be a signal for conducting certain activities which will offer fitness for survival for the pollinator itself and for its next generation.
In this paper, we present observations of a field study which was performed on Lepidoptera visiting host plants with particular flower colours.
Material and methods
The study was conducted in Trakya University (TU) in an isolated and protected natural woodland part of TU campus. Thus, the study area was covered with a variety of trees and herbaceous plants for providing suitable habitats for a diverse Lepidoptera fauna. The study area involved a stream, a small pond and several meadow patches.
The rectangle shaped study area was about 2 km in length and 500 m in width. The study was carried out from early March to late July in 2008. A total of 1,329 observations were made during 20 sampling sessions. One sampling was performed every week periodically in the study area and about five hours were spent for each sampling. The observations were conducted between 10.00 AM and 3.00 PM when adult Lepidoptera were most active during the day time. The observations included butterflies records while they were clearly on a nectar feeding action on a particular coloured flower of a plant species. The visiting scores were considered only when the butterfly/moth probed the flower. Perching butterflies or those not attempting to feed were not considered for the foraging data. The sex of most individuals was not possible to record because we did not want to prevent the foraging action.
The following tree species and herbaceous plants in the study area where the observations were performed were most abundant: Ulmus minor, Salix alba, Populus nigra, Robinia pseudoacacia, Prunus spinosa, Rubus sanctus, Crepis sancta, C. setosa, Trifolium repens, Capsella bursa-pastoris, Senecio vernalis, Anthemis cotula, Tyrimnus leucographus, and Carduus pycnocephalus. A total of 66 different plant species belonging to 17 families were counted on which butterfly/moth nectar feeding exercises were recorded.
Additionally, a total of 428 adult Lepidoptera specimens belonging to 43 species and eight families were collected for morphometric analyses. Several measurements of certain parts of the plants including 10 specimens in each species were taken. The results of these two aspects, namely the correlations between the plant and Lepidoptera species considering certain morphometric characters will be addressed elsewhere. During the course of the study, the butterflies were captured using a standard insect net and then killed by squeezing the thorax. The materials were examined in the laboratory using a binocular stereomicroscope.
Statistical analyses were carried out according to Zar (1996) . The data from the species were pooled in each Lepidoptera family to obtain appropriate quantity for statistical analyses. The index of Lepidopera diversity (H) on plants with seven different colours of flowers was calculated using the Shannon-Wiener formula (Zar 1996) :
where pi is the proportion of the i th species and S is the number of species found in the case of a grouped study site. This formula was modified to analyse if distinct groups of plants with differently coloured flowers have comparable diversity values regarding the butterflies that visit them. Diversity indices between the seven types of flowers were compared pair-wise using the t-test proposed by Hutcheson (1970) , where the variance (S 2 H ) of each H and the degrees of freedom (v) for the preceding t were approximated by using a particular formula (Zar 1996) . The Shannon's equitability (E) was calculated by dividing H by Hmax (Hmax = lnS ) which can be formulated as E = H/Hmax = H/lnS. The divergence (D) from equiprobability was calculated using the formula (D = Hmax − log4n − H). Thus, a low value of D close to H indicates a high degree of diversity. Conversely, a high value of D indicates lower diversity and shows that the system has diverged substantially from equiprobability.
The G-test test (Fowler et al. 1998 ) was employed to see if the observed Lepidoptera frequencies depend on particular coloured flower groups used for foraging. William's correction factor was applied in the G-test irrespective of the number of degrees of freedom. Yates' correction was applied where there were only two categories of Lepidoptera numbers. The pair-wise comparisons included Lepidoptera numbers in the seven flower colour groups of the investigated plant species. The results of statistical analyses are summarised in the tables with corresponding significance levels.
Results
Forty-three different Lepidoptera species (Appendix 1) belonging to eight families which were recorded on 66 different plant species belonging to 18 families (Appendix 2) were examined in the study area. The highest Lepidoptera species numbers were recorded in Nymphalidae while three families had just a total of five species since they included diurnal and nocturnal Lepidoptera. Carduus nutans with pink coloured flowers was the most visited plant species during the study; it was visited 129 times by 19 different Lepidoptera species. On the other hand, the least visited plant species was Capsella bursa pastoris with white coloured flower; it was visited only four times by the Pieridae butterfly Euchloe eusonia.
Furthermore, one of the most abundant Lepidoptera was Pieris rapae that occurred 136 times on a total of 21 different plant species. However, P. rapae has never been seen while feeding on red or yellow-white flowers. The majority of this Pieridae butterfly occurred on plants with yellow flowers. Hence, P. rapae was observed 51 times on a total of 8 different plants with yellow flowers. Besides, the Lycanidae butterfly Lycaena alcipron was the most occasional species that was observed only two times on Carduus nutans having pink flowers and being the most abundant plant species.
With regard to Lepidoptera families (Table 1) , members of Hesperidae, Pieridae and Lycanidae were observed on all seven differently coloured flowers. Nymphalidae and Noctuidae have never been seen visiting red flowers. The same was true for Zyganidae. Sphingidae moths were observed on three differently Explanations: For Lepidoptera family abbreviations see Appendix 1; A -Number of plant species visited by particular Lepidoptera family; B -Individual Lepidoptera numbers in each family observed during the study; C -Number of different flower colours that were visited by the Lepidoptera family.
coloured flowers -white, pink and purple. Papilionidae butterflies occurred only on pink and yellow flowers. Nymphalidae butterflies with the highest species number during the study were observed on 39 different plant species, but not on plants with red flowers. Moreover, Nymphalidae were observed 430 times on a wide variety of plants, though the highest number of observations (150) was associated with pink flowers. Although the species number of Pieridae (9 species) was less than in Nymphalidae (14 species), the flower visiting numbers of Pieridae were very close to those in Nymphalidae. Thus, Pieridae occurred 413 times on different plants out of which 120 were on plants with pink flowers. Consequently, all of the eight Lepidoptera families including 30 different species visited pink coloured flowers for foraging. White, purple and yellow flowers were visited by seven different Lepidoptera families, whilst yellow-white flowers were visited by six Lepidoptera families. However, only three Lepidoptera families with seven species, i.e., Aporia crataegi (PIE), Glaucopsyche alexis (LYC), Pieris brassicae (PIE), Pyrgus malvae (HES), Spalia orbifer (HES) and Thymelicus sylvestris (HES), were observed while nectar feeding on plants with red flowers. Regarding red flowers, A. crataegi was observed twelve times on Dianthus corymbosus. The remaining six species which were visitors of red flowers were recorded almost in equal numbers. Crepis sancta was the most preferred plant species with yellow flowers which had 42 visits by 11 different Lepidoptera species. The Lycanidae butterfly Polyommatus icarus had the highest visiting record on yellow flowers of 6 different plant species. Although the visiting numbers of Pieris rapae (51 visits) were less than those of P. icarus (58 visits) on yellow flowers, the number of plant species with yellow flowers which were visited by P. rapae was higher (8 spp.) than for P. icarus. Our observations revealed that for nectar feeding, Lepidoptera tend to prefer flowers of a particular colour which, based on the present study, are categorised into seven groups (Fig. 1 ) (G adj = 698.6, df = 6, P < 0.001). Thus, it appears that yellow (29%) and pink (28%) coloured flowers were preferred most by Lepidoptera. White (19%), purple (11%) and yellow-white (7%) flow- Table 2 . Pair-wise comparisons of Lepidoptera numbers (from Fig. 1 Explanations: ** P < 0.01, *** P < 0.001. Explanations: Blank cells with a dash: P > 0.05 (not significant), * P < 0.05, ** P < 0.01, *** P < 0.001.
ers follow in the ranking order. However, in the 1,329 observations during the present study, red (2%) and blue (4%) coloured flowers did not seem to be very preferred by Lepidoptera. As evident from Table 2 , there were no significant statistical differences between the Lepidoptera visiting frequencies observed on pink and yellow flowers. Thus, pink and yellow coloured flowers did not differ in nectar feeding preference of butterflies, although they were the most visited flowers among all investigated. Similarly, the visiting frequency of the least preferred flower colours, blue and red, was also not significantly different. In conclusion, in Lepidoptera the flower colour preference for nectar feeding can be divided into five groups: yellow and pink coloured flowers come first, flowed by white, purple, and yellow-white. The blue and red coloured flowers create the last, fifth group. Diversity of Lepidoptera (Table 3) on the seven different colour groups of flowers also showed some interesting results (Table 4) . Thus, it appears that plants with red and yellow-white flowers are not visited by diverse Lepidoptera which visit them for nectar feeding. The remaining colour groups of flowers did not show any significant difference in the H values. Blue flowers were visited by much more diverse Lepidoptera than flowers of the other colours and the distribution of butterflies in this colour group was more homogenous than in the other flowers. Although pink and yellow flowers were visited by much more butterfly species distributed in different families, the numbers in particular Lepidoptera groups in the samples were highly disproportional. Accordingly, based on Lepidoptera diversity, flowers of different colours can be ranked in a descending order as follows:
Discussion
According to our data, yellow flowers were the most visited by Lepidoptera for foraging, though visiting patterns of the species examined showed a great variation. As it has been reported for other insect pollinators (Lunau & Wacht 1994; Sutherland et al. 1999; Briscoe & Chittka 2001) , the colour preference by Lepidoptera varies among individuals and among the species studied. For example, green colour is not attractive for feeding but it induces oviposition in females of some butterflies, such as Papilio demoleus (L., 1758) (Vaidya 1969) and P. aegeus Donovan, 1805 (Kelber 1999) . This is because the newly hatched caterpillars need food and brightly green leaves give a sign of fresh and rich nutrition. The hawkmoths Manduca sexta (L., 1763) (Goyret et al. 2008) and Macroglossum stellatarum (L., 1758) (Kelber 1997 ) have a strong innate preference for blue flowers as a food source but a weaker preference for yellow colour. Blue and green colours are stimuli both for feeding and egg-laying in Pieris brassicae (David & Gardiner 1961; Scherer & Kolb 1987; Weiss & Papa 2003) . It has been reported that the syrphid hoverfly Episyrphus balteatus (De Geer, 1776) strongly prefers yellow flowers for foraging, moreover, small flowers have more visitors than the large artificial flowers (Sutherland et al. 1999 ). Thus, several experimental studies have clearly proved that preference of yellow is innate in many insect pollinators (Kay 1976; Lunau & Wacht 1994; Odell et al. 1999) .
Nymphalidae butterflies comprised the highest number of species, however, none of the 14 species of this family was seen on plants with red flowers, similarly as Noctuidae. Thus, all of their 430 visits were associated with the 39 different plant species which had different flower colours. It appears that some Nymphalidae have no red-sensitive photoreceptors (Briscoe & Bernard 2005) . Moreover, red flowers had the lowest number of visits by Lepidoptera, which included only 35 specimens of seven species. According to the majority of studies performed on the colour choice for foraging, the red colour does not seem attractive compared to the other colours. This may also be true for our study, because red flowers had the least number of Lepidoptera visitors. Thus, our results do not rule out that some insect species, including some butterflies, do not use or lack red visual receptors (Hasselmann 1962; Bandai et al. 1992; Briscoe & Bernard 2005) . However, there is a remarkable diversity among the Lepidoptera species regarding wavelength for peak sensitivity (Briscoe & Chittka 2001; Briscoe & Bernard 2005) . Accordingly, a number of reports based on certain species affirmed that the butterflies are able to see red (Kevan & Baker 1983; Scherer & Kolb 1987; Kelber & Pfaff 1999) . The majority of studies supporting the red vision of butter-flies are experimental and involve learning behaviour. The experimental study of Goulson & Cory (1993) on Pieris napi showed that the preference of red or blue flowers is not inherent. The data of Goulson & Wright (1998) based on a study in the field demonstrated that the hoverflies Episyrphus balteatus and Syrphus ribesii (L., 1758) showed no preference for a particular colour morph within a plant species, but they exhibited a significant degree of constancy to plant species previously visited. Nevertheless, a number of studies including the present one confirmed that butterflies exhibited the widest visual range in the animals, thus colour must be an important signal for visiting a wide variety of plants.
As a matter of fact, butterflies respond to colour of petals; the colour of the flowers change by time and is a cue for nectar availability. The quantity of nectar in a flower fluctuates through time as it has been depleted by several ways including animal foraging (Corbet 2003) . Many flowers change in colour with age, the colour of young flowers, particularly of yellow ones which are usually nectar-rich turns to red (Niesenbaum et al. 1999; Ida & Kudo 2003) or from white to purple (Sun et al. 2005) when nectar is no longer produced (Casper & La Pine 1984; Weiss 1991; Niesenbaum et al. 1999) . Evidence of preference for certain flower colours regarding foraging comes from a number studies. For example, white-flowered forms of the larkspur, Delphinium nelsonii, produce fewer seeds than the more common blue-flowered form as a result of discrimination of white flowers by bumblebees and hummingbirds (Waser & Price 1981) . This was also true for the present study, because butterflies showed a tendency to prefer flowers of particular colours. Although plants with yellow flowers had more Lepidoptera visitors than the other flowers, the highest Lepidoptera diversity values were associated with the plants having blue and purple flowers. This is probably caused by the fact that butterflies visit these plants and find out that they have poor food resource. Therefore they shortly leave these flowers for yellow ones. Accordingly, the colour choice by some butterflies may be innate (Kelber 1997; Weiss 1997; Goyret et al. 2008 ) thus, they can learn and may change colour preference as it has been shown in many studies. Some Lepidoptera species can be trained to learn rewarding colours. For example, for the hawkmoth M. stellatarum and Deilephia elpenor L., 1758 a particular colour may become more attractive than their innately preferred colour (Kelber et al. 2002; Balkenius & Kelber 2004) . In the rewarding studies, nectar and similar food were usually used to attract the butterflies. Thus, it appears that Lepidoptera in general visit yellow flowers significantly more often than those of other colours. Presumably yellow flowers produce more nectar and pollen and therefore are rich in nutrition (Casper & La Pine 1984) . Moreover, reproductive organs of most flowers are yellow and the nutrition can be probed by the galea of foraging Lepidoptera. Accordingly, yellow is a very simulative colour giving a sign of rich food.
Hence, the colour choice behaviour may have innate (inherited) or experienced (external influence) base for the rewarding colour, or both. Thus genetic and learned experiences enable Lepidoptera to avoid flowers which are poor sources of food and to adapt for nectar availability in diverse environments. This is perhaps a perceptual mechanism to discover a particular flower, i.e. a method similar to those in predators searching a prey (Goulson 2000) . Hence, flower dependent species have evolved to learn rewarding colour and this behaviour has an adaptive value for their fitness in the field. There is also no doubt that many properties of particular Lepidoptera and plant species with regard to foraging have strong interaction (Corbet 2000; Gardener & Gillman 2002) . These complex visual features are adaptive for natural plant populations and for their pollinators (Kay 1976; Osorio & Vorobyev 2008) and have played important role in colour choice and thus shaping the co-evolution.
